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X have examined. They will come to the criticism of my results 
with fuller materials than are available to me here, butso far as 
these materials enable me to form an opinion, the result is against 
the existence of a common periodicity in the sun-spots and in the 
American rainfall within the temperate zone. 

Allanton, Lanarkshire, November 4 W. W. Hunter 

Contribution to the Sun-spot Theory of Rainfall 
The Lucknow Meteorological Observatory has been estab¬ 
lished since 1868, and regular observations have been recorded 
since that year under my superintendence. 

In Nature of December 12, 1872, Mr. Lockyer published a 
notice of Mr. Meldrum’s discovery of the coincidence between 
the maximum and minimum sun-spot periods, and the maximum 
and minimum rainfall in certain places. After reading it I 
examined the annual rainfall at Lucknow from 1868 to 1872, 
and found that there was reason to believe that the rainfall at 
Lucknow followed the same cycle as that of the sun-spots. The 
figures were:— 

xS68 . .. ... 27'6 inches. 


1869 

1870 

1871 

1872 


4i‘9 
64-6 
65*0 
4i‘4 


The equal amount of rainfall (41 inches) on both sides of the 
maximum fall of 1870 and 1871 was very striking, and as there 
was a rise in the rainfall from 1868 to 1870-71, and after that a 
decrease, and having just read Meld rum’s discovery, I conjectured 
that the annual rainfall would continue to decrease till it reached 
its minimum. In my annual abstract, which I submitted to 
Government in April, 1873, and on the slender evidence of five 
year’s rainfall, I ventured to state that if Meldrum’s law be true, we 
had in Lucknow lately passed the period of maximum rainfall, 
and were descending towards a minimum, sb that daring 1877, 
1878, and 1879 there would be a scarcity of rain, and in one of 
those years the minimum rainfall of the cycle would occur. I 
am now able to give the annual rainfall of almost a complete 
cycle, and the figures will speak for themselves :— 

1867 was a sun-spot minimum period. 


1868 
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1870 

1871 

1872 
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1874 

1875 
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1877 


27 *6 
41 9 
64*6 j 
65 0 | 
41*4 ; 
35*1 \ 
5i*4 I 
43*5 ; 
23-6 | 
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Inches of 
rainfall 
in Lucknow. 


(Up to date October 22). 

This is October 22, 1877, and the total fall up to date has been 
orly 117 inches, about a third of which fell in the months of 
January, February, and March. The fall during the rainy season 
of 1877 has been so small that great fear of a famine has been 
felt. I considered Meldrum’s discovery so important that at the 
end of my annual abstract of meteorological observations for 
1872, I inserted a long abstract of Mr. Lockyer’s article in 
Nature, in order to make the theory more widely known. 

I believe meteorologists are on the track of a most important 
law. I would not expect the maximum and minimum rainfalls 
in every place to coincide with the sun-spot maximum and mini¬ 
mum so completely.as that given above. Possibly in some places 
the figures might be reversed, owing to a changed direction in 
tb.e - water-bearing currents of the a-mosphere j but that the 
changes occurring in the sun have a direct influence on rainfall 
there cannot, I think, be any doubt. 

Lucknow, October 22 


E, Bonavia 


The Radiometer and its Lessons 
I WISH that Prof. G. C. Foster had been more explicit in his 
answer to my letter ; for as it is I cannot understand to what 
“ variations of density” he refers. So far as I know there are 
no variations of density in the gas in question except those which 
arise from variations of temperature ; but these variations of 
density certainly do not affect the rate at which heat diffuses 
into and through the gas, for this rate is independent of the 
density and for the same gas depend only on the absolute tem¬ 
perature and on the degradation of temperature in the direction 
in which the diffusion takes place. The variations of tempera¬ 
ture do affect the rate of communication but only in proportion 


to the square root of the absolute temperature, and hence, in the 
case of the radiometer, only to an inappreciable extent. 

It is obvious that the law of diffusion holds good only so long 
as the gas is undisturbed by convection currents. Such currents, 
which certainly exist, increase the rate at which heat is communi¬ 
cated to the gas, that is to say, the hot surface instead of being 
exposed to the action of still air is exposed to a wind which 
tends to increase the rate of cooling. Bat the velocity of the 
wind does not increase with the rarefaction, arid the cooling effect 
of a wind of a certain velocity does increase with the density of 
the air. Hence, as I pointed out in my first paper, the motion 
of the air will favour the force resulting from the communication 
of heat less and less as the rarefaction is increased. 

As regards Mr. Johnstone Stoney’s theory. The post which 
brought me this week’s Nature brought me also a paper from 
Mr. Stoney, on which I venture to comment. In doing this, 
however, I may say that I have no wish to criticise what Mr. 
Stoney has written. The fact that Mr, Stoney has in no way 
referred to my work, although I preceded him by some two 
years, has relieved me from all obligation, to discuss Mr. Stoney’s 
theory ; ’ and I certainly should not do so now were it not that, 
as Prof. Foster has instanced this theory as disproving what I 
believe to be the truth, I feel bound either to show wherein it is 
wrong or acknowledge my inability to do so. 

In the paper which I have just received,! Mr. Stoney starts 
with an assumption that, but for the effect of gravitation, “ a flat 
stratum of gas in contact with a hot surface, A,” and “ everywhere 
subject to the same pressure” can exist in a state of equilibrium 
“ except at the limits,” without any passage of heat from the 
hotter to the colder part, although “ within the stratum the 
temperature gradually decreases, from within outwards, from 
the temperature of a to 0 2 the temperature of the surrounding 
gas.” 

In support of this assumption I cannot find that any proot is offered 
except that which is contained in the following portion of a sen¬ 
tence :■—“We know, from familiar experiments, which show 
gases to be bad conductors of heat, that after the brief interval of 
adjustment a permanent state would ensue in which there would 
be no farther change of density, or motion of heat, except by 
radiation.” 

Now this assumption and the statement in support of it—in 
both of which Mr. Stoney seems to have ignored the very exist¬ 
ence of diffusion of heat in gases—are contrary to all experience 
as well as to the deductions from the kinetic theory of gases ; 
for it follows directly from the kinetic theory, and has been 
abundantly established by experiment, that under no circumstances 
can there exist a variation in the temperature of a continuous layer 
of gas without heat diffusing from the hotter to the cooler part. 

I think that I need say no more. This assumed condition of 
gas forms the base of all Mr. Stoney’s reasoning, and although in 
a subsequent part of his paper he appears tome to have arrived at 
deductions which contradict his fundamental assumption, still this 
assumption may be held accountable ior the anomalies which he 
has found. Osborne Reynolds 

November 17 -—— 

I beg to call the attention of the readers of Nature to the 
following passage at the commencement of Mr. Crookes’s lec¬ 
ture at the Royal Institution on February 11, 1876, “On the 
Mechanical Action of Light ” :— 

“ To generate motion has been found a characteristic common, 
with one exception, to all the phases of physical force.” [Illus¬ 
trations are then given of the production of motion by heat, 
magnetism, electricity, gravitation, sound, and chemical force.] 

44 But lights in some respects the highest of the powers of 
nature, has not hitherto been found capable of direct conversion into 
motion; and such an exception cannot but be regarded as a singular 
anomaly. 

44 This anomaly the researches which I am about to bring 
before you have now removed ; and, like the other forms of 
force, light is found to be capable of direct conversion into motion, 
and of being most delicately and accurately measured by the 
amount of motion thus produced.” 

I cannot but suppose that Mr. Crookes and Prof. Carey 
Foster have alike forgotten the existence of this passage. If 
it does not convey an interpretation of the phenomena of the 
radiometer which is now admitted on all hands to be wrong-, 
and imply a claim to the discovery of .“a new mode of force,” I 
amfincapable of understanding the meaning of words. 

I may add that one after another of my eminent scientific 

* “Onthe Penetration of Heat across Layers of Gas,’ 1 Scientific Trans¬ 
actions of the Royal Dublin Society, November, 1877. 
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friends has assured me that I was perfectly justified in my 
statement on this point; and it was by one of these,- who was 
present at the lecture in question, that I was informed of the 
very-explicit statement made on that occasion by Mr. Crookes 
of the -views he then held, which were universally understood in 
their plain common-sense meaning. 

November 20 William B. Carpenter 

Fluid Films 

"With reference to Mr, Sedley Taylor’s interesting note on 
Fluid Films, allow me to say that if a drop of water, clinging to 
the outside of a glass goblet, be lightly dusted with lycopodium 
powder, and a fiddle-bow be drawn across the edge of the glass, 
the drop will exhibit vortices, rotating in opposite directions. 

Highgate, N., November 19 C. Tomlinson 


Tuckey and Stanley.—The Yallala Rapids on the 
Congo 

Capt. TUCKEY is dead and gone and cannot answer for him¬ 
self ; it may therefore, perhaps, serve to clear his memory in some 
measure of a doubt about the correctness of his description of 
the Yallala Rapids in 1816, arising from the very different 
account of them given by Stanley sixty years afterwards, if I 
mention one of several facts ill connection with American rivers. 

The late Sir J. Franklin, in his first and disastrous overland 
journey to the Arctic Sea in 1821, describes the “ Bloody Fall” 
on the Coppermine River as “ a shelving cascade about three 
hundred yards in length, having a descent of ten or fifteen feet.” 

Between 1848 and 1851 this “fall” was visited five times ; on 
one or other of such occasions the water was either at high spring- 
flood, at low summer level, or at an intermediate elevation, yet 
under none of these conditions was the “fall ” found to be more 
than thirty yards long, if so much, the height being about fifteen 
feet. 

Franklin and the officers with him were most careful and cor¬ 
rect observers, so that I can only attribute this wonderful change 
(from three hundred yards long to thirty) in. the form of the cas¬ 
cade to the wearing away of the material forming the bed of the 
river, by the action of the water, assisted in a great measure by 
the large masses of ice and the stones carried down with it during 
the breaking- up of the navigation in the course of thirty seasons, 
only half the interval of time between Tuckey’s and Stanley’s 
visits to the Congo. 

Supposing a somewhat similar attrition, but in a less rapid 
manner, to have been going on at the Yallala Rapid, the 
description given by the former as he saw it may be equally 
correct as that of the latter when he visited it in its altered shape 
in 1877. 

May I add that a cataract may become a fall or a series of 
falls, and vice versA, according as the water in a river is in flood 
or at low level. J. Rae 

Scientific Club, November 16 


The Future of our British Flora 

It may interest Mr. Shaw to know that the stations given by 
Lightfoot in his “ Flora Scotica, 1777,” still exist (as far as I am 
aware, and I have visited by far the greater number of them) at 
the present day. Experience has led me to the conclusion that 
a plant however maltreated, does not become extinct unless the 
natural conditions are changed, as by the draining of a marsh, 
&c. I have over and over again found plants in stations where 
they were reported as “extinct years ago.” Perhaps if Mr. 
Shaw visits his station for the “ Lizard Orchis ” (is this Orchis 
hircina, L. ? if so it is, I fancy, new to Scotch botanists) in the 
course of a year or two he may find it in as large quantity as ever. 
As regards the maltreatment of plants, I agree with what Mr. 
Shaw says respecting professors of botany. Each teacher of the 
science ought to teach his students that it is a crime to extermi¬ 
nate a plant, and that they can best learn botany from the 
observation of the common plants of their district; there is great 
room for improvement in this respect. 

While a s'udent I was often disgusted by seeing rare plants 
tom up and then cast away as if they had been a handful of 
grass, or, worse still, put in the vasculum and forgotten till the 
next Saturday, when they were'thrown away ; and all this without 
a word of remonstrance from those who ought to have exercised 


authority, ‘ ‘ that’s villainous, and shows a most pitiful ambition 
in the man who uses it.” 

Provided we reform a little, I do not think that, judging of 
the future by the past we have any reason to expect a large 
decrease in the ranks of our native flora. I do not suppose any 
species given by Lightfoot 100 years ago has become extinct even 
in his stations, and on the other hand we have bad a consider¬ 
able number added to it since his time. 

Edinburgh A. Craig-Christie 

Selective Discrimination of Insects 

In continuation of the interesting observations of “ S. B.” on 
selective discrimination of insects in Nature, vol. xvi. p. 522, 
permit me to send you ! the following notes from my journal, 
made in August last:— 

“ Watched by the roadside near Iiew Bridge Station, several 
species of Hymenoptera, of the genus Bombus principally; one 
visited thirty flowers of Lamium purpurmm in succession, 
passing over withoutjnotice all the other plants in flower on the 
same bank—species of Convolvulus, Rubus, Solanum. Two other 
species of Bombus and a Pieris raps also patronised the Lamium, 
seeking it out deep in the thicket, thrusting their probosces even 
into withered cups, although the Rubus ’ flowers were farjmore 
accessible and seemed much more attractive, being fresh and 
well-expanded. 

“ On the same bank several species of Diptera— Syrphus cbxtily 
—were visiting the Rubus, ignoring the Lamium. On another 
bank, some distance removed from the first, I observed, how¬ 
ever, that the diptera were visiting the Lamium (one species 
was very busy on the convolvulus, applying its proboscis to the 
external aspect of the anther) while the Hymenoptera, species 
of wasp, were giving their attention to the Rubus.” 

I am sorry not to be in a position to identify the species of 
Hymenoptera and Diptera, being unable to capture specimens of 
either. Henry O. Forbes 

Highgate, N. 

The Earth-worm in Relation to the Fertility of the Soil 

In your number of the 8th instant there are some interesting 
remarks upon the habits, &c., of the common earth-worm. 
From frequent observations I fully concur with the remark that 
the worm does not consume living vegetation but only vegetable 
matter undergoing decomposition. 

I am also rather inclined to the opinion that there are (or may 
be) two reasons for the drawing in to their holes dead leaves, 
&c., the one being, for use as food, and the other to protect the 
holes from a too plentiful supply of water. 

In this same connection I may mention what I have not before 
seen mention of, namely, the little mounds of small gravel stones 
which the worms heap up around the entrance tc their holes. 
These are very curious and may be partly to prevent the entrance 
of water; and also, as I think, partly for rubbing against the 
worm’s slimy body, as fish do. 

It is very remarkable tlie extent to which loose gravel-stones 
(some as large as a hazel-nut, and even larger);are removed from 
a gravel-walk from distances quite beyond a foot, leaving the 
walk pitted all over. I have never seen a worm in the act of 
moving these stones and it is difficult to imagine how it is done, 
but as it generally takes place in wet weather, it may probably 
be by an adhesion of the stone to the slimy body of the worm. 

As regards fertilising effects, it would be interesting to know 
whether the earthy matter composing worm-casts had passed 
through the worm's body, as the writer supposes, for in that "case it 
would probably have more fertilising properties than if consisting 
merely of the natural soil thrown up as by moles. 

The remark by one of your correspondents as to his observation 
of a line of darker soil thrown up by worms from a substratum of 
ashes deposited a considerable time before, would almost make 
it appear that the mole-like action above referred to took place. 
The writer, however, repeats his conviction that the matter 
composing worm-casts has passed through its (the worm’s) body. 

31, Stockwell Park Road Geo. H. Phipps 

Smell and Hearing in Moths 

“J. C.” seems to draw inferences that moths have not the 
power of smell but have that of hearing. I feel quite certain 
they possess the former, but am in doubt about the latter. For 
the purpose of catching moths I use a preparation of beer and 
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